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Description 

The present invention relates to a water soluble 
material suitable for application to the surface of a 
wound as or in a wound dressing. 

The use of biopolymers as the wound contacting 
layer of wound dressings is well known in the art. 
Biopolymers may be made absorbent, biocompatible 
and resorbable, thereby assisting wound healing. In 
addition, several biopolymers such as collagen, chitin, 
chitosan and alginates have been shown actively to 
assist wound healing by chemotaxis. Some biopolymers 
also exhibit a haemostatic effect. 

Among the preferred biopolymers for wound heal- 
ing applications are the alginates. This is on account of 
the abundance of alginates, their well-understood phys- 
icochemical properties and their proven chemotactic 
effect on wound healing. The alginates may be applied 
to the wound in a water-soluble form, for example by 
dusting sodium alginate powder onto the wound. Alter- 
natively, the alginate may be applied as insoluble cal- 
cium alginate, or as an insoluble and water-swellable 
mixture of sodium alginate and calcium alginate. The 
soluble or insoluble alginate may be in the form of fibres, 
a fleece, a gauze or a film. It may be attached to other 
elements of a wound dressing such as an absorbent 
layer, a semipermeable or impermeable backing layer, 
and/or an adhesive-coated layer. Typical such alginate 
fleeces and wound dressings incorporating them are 
disclosed, for example, in GB-A-1379158, GB-A- 
906911, US-A-4793337, WO 90/01954, US-A- 
4393048, EP-A-0227955. EP-A-0099758. EP-A- 
0344913 and EP-A-0459378. 

For many applications a continuous film of alginate 
is desirable as the wound contacting layer. Such a film 
presents a uniform contacting surface to the wound and 
helps to exclude bacteria from the wound. Continuous 
films are also easier to remove without disrupting the 
wound bed. 

Alternatively, the film may be perforated or reticu- 
lated to allow passage through the film of heavy flows of 
exudate from the wound while remaining easily remova- 
ble. 

In order to be useful, the alginate film should prefer- 
ably be strong, elastic, highly conformable, inexpensive, 
absorbent and sterilizable by gamma irradiation. Prefer- 
ably, the alginate film should contain a high proportion 
of humectants such as glycerol so as to maintain a 
moist wound surface. 

Hitherto, no alginate-containing film has provided 
the optimum combination of properties for use as a 
wound dressing. For example, anhydrous films of cal- 
cium and/or sodium alginate have been suggested for 
this application. However, the anhydrous films may 
incorporate only up to about 10% by weight of humect- 
ants, which is insufficient for effective moisturising of the 
wound surface. Moreover, the high alginate content of 
the anhydrous films makes then relatively expensive. 
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The amount of humectant incorporated in the films may 
be increased by incorporating water as well, and this 
also reduces the cost of the film. However, incorporation 
of water weakens the films. Films containing water 

5 present storage problems because they dry out in air. 
Films containing substantial amounts of water cannot 
be sterilized by gamma-irradiation. 

EP-A-0459378 (FIDIA S.p.A) discloses films con- 
taining between 1% and 7.5% by weight of one or more 

w alkali metal alginates such as sodium alginate, from 
0.1% to 5% of an alkali earth alginate such as calcium 
alginate, from 0.1% to 10% of a polyhydric alcohol and 
from 0.05% to 10% of a hydrophilic polymer such as 
hyaluronic acid, the balance of the composition being 

is mainly water. The film is made by extruding a solution 
containing sodium alginate into a calcium chloride bath, 
where insoluble calcium alginate is formed. The result- 
ing film cannot be sterilised by gamma-irradiation and 
must be stored under a glycerol/water solution to pre- 

20 vent it from drying out. 

EP-A-0095892 (Nippon Oil Co. Ltd.) discloses per- 
forated wound-covering films that comprise: 1.5-8% by 
weight of a polyvinyl alcohol (PVA), from 10-85% by 
weight of a polyhydric alcohol humectant and from 0.2- 

25 1 5% by weight of a water-soluble macromolecular sub- 
stance other than PVA. The water-soluble macromo- 
lecular substance is typically a biopolymer or derivative 
thereof or a synthetic polymer, provided that it forms a 
viscous aqueous solution. Preferred macromolecular 

30 substances are pullulan, xanthan gum, tragacanth gum, 
carboxymethylcellulose, polyacrylic acid, i-carra- 
geenan, A.-carrageenan or propylene glycol alginate 
(PGA). These wound covering films are inexpensive 
moisturising, strong, anhydrous and swellable but not 

35 soluble in cold or warm water. The main drawback of 
these films is that the inclusion of PVA even at low con- 
centrations such as 1 .5% results in a film that is stiff and 
rubbery and insufficiently conformable to make a satis- 
factory wound dressing. The film that contains both 

40 PGA and PVA can provide some of the advantageous 
wound healing properties of the alginate, but the pres- 
ence of PVA and the rubbery texture of the film mean 
that the rate of release of PGA into the wound is very 
slow. 

45 Copending patent application EP-A-0613693 with 
priority date 03.03.93 describes and claims water- 
swellable but insoluble wound dressing materials com- 
prising, by weight based on the weight of the material 
when anhydrous: from 5 to 50% of an alginate ester of a 

so C r C 6 polyhydric alcohol; from 50% to 95% of a 
humectant consisting of one or more C^-C s monohydric 
or polyhydric alcohols; and from 0% to 30% of water, 
and provided that the wound dressing material com- 
prises less that 1 .5% by weight of polyvinyl alcohol. The 

55 alginate ester is rendered insoluble in water by cross- 
linking with polyvalent cations, and/or by covalent cross- 
linking, and/or by admixture with a biologically accepta- 
ble cationic polymer or water-swellable polymer. 
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It is an object of the present invention to provide 
water-soluble wound dressing materials that are espe- 
cially suitable for casting into highly conformable wound 
covering films, and that provide for rapid release of algi- 
nate into the wound bed. 

The present invention provides a water-soluble 
wound dressing material comprising, by weight based 
on the weight of the material when anhydrous: from 5% 
to 50% of an alginate ester of one or more (VC 6 poly- 
hydric alcohols; from 50% to 95% of a humectant con- 
sisting of one or more CyC$ monohydric or polyhydric 
alcohols; and from 0% to 30% of water. 

The materials according to the present invention 
are water-soluble. That is to say, they will dissolve in 
cold or warm water at temperatures below 40°C. 

The preferred alginate ester is propylene glycol 
alginate (PGA). PGA is manufactured by reacting an 
alginate and propylene oxide at high temperatures. It is 
available, for example, from Protan Ltd. under the Reg- 
istered Trade Mark PROTANAL. The viscosity and 
degree of esterif ication of the alginate ester are not crit- 
ical to the materials of the present invention, but prefer- 
ably the degree of esterification of the alginate is 
between 35% and 95%. That is to say, between 35% 
and 95% of the carboxylate groups of the alginate are 
esterif ied with the one or more CyC 6 polyhydric alco- 
hols. The remaining carboxylate groups are normally 
sodium carboxylate groups. 

The esterification of the alginate with a polyhydric 
alcohol greatly increases the affinity of the alginate for 
humectants consisting of one or more C r C 6 monohy- 
dric or polyhydric alcohols. Larger amounts of such 
humectants can be incorporated into wound dressing 
materials based on the alginate esters than can be 
incorporated into anhydrous sodium or calcium alginate 
materials. Preferably, the materials according to the 
present invention comprise from 65% to 90% by weight 
of the humectant. Polyhydric alcohols are the preferred 
humectants. Preferably, the humectant comprises pro- 
pylene glycol or glycerol. Other preferred humectants 
are sorbitol and mannitol. 

The high humectant content of the materials 
according to the present invention makes them espe- 
cially suitable for use as or in moisturising wound dress- 
ings. Furthermore, the materials containing a high 
proportion of humectants are relatively inexpensive 
because the humectant is much less costly than algi- 
nate. The use of at least 5% by weight of the alginate 
ester allows surprisingly strong films to be made without 
the need to add any reinforcing polymer such as PVA. 
Preferably the materials according to the present inven- 
tion contain at least 10% by weight, more preferably 
more than 15% but less than 25% by weight of the algi- 
nate ester. 

The affinity of the alginate ester for the humectant 
means that the above high humectant content can be 
achieved without the need for a high water content in 
the wound dressing material. Preferably, the materials 



according to the present invention contain from 5% to 
15% by weight of water and more preferably they con- 
tain less than 5% by weight of water. The low water con- 
tent makes the materials sterilizable by gamma- 

5 irradiation and also avoids the problem of the materials 
drying out by evaporation when they are stored in air. 
The materials according to the present invention typi- 
cally absorb moisture from the ambient air until they 
reach an equilibrium water content of 5%-15% by 

70 weight depending on the ambient humidity. Because of 
this variability in the water content of the films all of the 
weight percentages given for the components in the 
materials according to the present invention are based 
on the weight of the material when anhydrous. 

is The materials according to the present invention 
optionally contain up to 5% by weight of dissolved salts. 
Preferably the dissolved salt content is 2% by weight or 
less of the composition. The dissolved salts preferably 
contain sodium chloride and may further comprise other 

20 salts in physiologically acceptable concentrations. 

The materials according to the present invention 
preferably also comprise up to 2% by weight of a micro- 
bicide such as chlorhexidine or an antibiotic to provide 
protection against wound infection. 

25 The materials according to the present invention 
preferably also comprise up to 25% by weight of one or 
more substances selected from cytokines and/or colla- 
gen or chitin that have been shown to be effective at 
promoting wound healing. 

30 The wound dressing materials according to the 
present invention may be prepared in any convenient 
physical form, such as a continuous or perforated film, a 
web, a foam or a fleece of woven or nonwoven ffores. 
Preferably the material is prepared as a continuous or 

35 perforated film. 

The wound dressing materials according to the 
present invention may be prepared in straightforward 
fashion by mixing together the ingredients with an addi- 
tional amount of water (up to 50% by weight) to form a 

40 gel, casting or extruding the gel in the desired shape 
and drying the gel at about 80°C to produce the desired 
wound dressing material. A further advantage of the 
wound dressing materials according to the present 
invention is that relatively little water needs to be evapo- 

45 rated during the manufacturing process in comparison 
with the manufacture of anhydrous sodium or calcium 
alginate wound dressings. 

Specific embodiments of wound dressing materials 
according to the present invention will now be described 

so further, by way of example. 

Example 1 

A continuous wound-covering film is prepared as 
55 follows. First, 4g of propylene glycol alginate (PGA) is 
dissolved in a mixture of 12.5g of propylene glycol and 
12.5g of glycerol. The PGA is PROTANAL Ester PVH-A, 
available from Protan Ltd. The degree of esterification is 



3 



EP 0 613 692 B1 



55-65% and the viscosity of a 1% aqueous solution of 
the PGA is 14001200 mPaS. 

The above solution is mixed with a solution of 0.45g 
of sodium chloride in water to form a gel. The gel is 
spread by a knife onto a casting roller in a layer approx- 
imately 2mm thick and dried in air at 80°C for 90 min- 
utes. The water content of the film immediately after 
drying is less than 5% by weight increasing to an equi- 
librium value of about 10% by weight on standing in the 
atmosphere. 

Example 2 

A continuous wound-covering film is prepared as in 
Example 1, but with replacement of the 4g of PRO- 
TANAL Ester PVH-A by 6g of PROTANAL Ester CF. The 
latter is a PGA having a degree of esterif ication of 83% 
and a viscosity (1% aqueous solution) of 20± 5 mPaS. 

The films obtained in Examples 1 and 2 both show 
excellent strength, conformability and softness. The 
high level of humectarrt in the films makes them effec- 
tive moisturising wound dressings. The films are very 
pleasant to handle and are stable in air. No leaching of 
the humectants is visible when the films are sterilized by 
gamma-irradiation. Little significant difference in proper- 
ties is observed between the films of Examples 1 and 2. 

Claims 

1. A water-soluble wound dressing material compris- 
ing, by weight based on the weight of the material 
when anhydrous: 

from 5% to 50% of an alginate ester of one or 

more C r C 6 polyhydric alcohols; 

from 50% to 95% of a humectarrt consisting of 

one or more C r C 6 monohydric or polyhydric 

alcohols; and 

from 0% to 30% of water. 

2. A water-soluble wound dressing material according 
to claim 1 wherein the alginate ester comprises pro- 
pylene glycol alginate. 

3. A water-soluble wound dressing material according 
to claim 1 or 2 wherein the degree of esterification 
of the alginate ester is from 35% to 95%. 

4. A water-soluble wound dressing material according 
to claim 1 , 2 or 3 wherein the humectarrt comprises 
glycerol or propylene glycol. 

5. A water-soluble wound dressing material according 
to any preceding claim wherein the material com- 
prises from 10% to 25% by weight based on the 
weight of the material when anhydrous of the algi- 
nate ester. 



6. A water-soluble wound dressing material according 
to any preceding claim wherein the material com- 
prises from 65% to 90% by weight based on the 
weight of the material when anhydrous of the 
humectarrt. 

7. A water-soluble wound dressing material according 
to any preceding claim wherein the material com- 
prises from 5% to 1 5% by weight of water. 

8. A water-soluble wound dressing material according 
to any preceding claim further comprising up to 
25% by weight, based on the weight of the material 
when anhydrous, of a cytokine, collagen or chitin. 

9. A water-soluble wound dressing material according 
to any preceding claim further comprising up to 2% 
by weight, based on the weight of the material when 
anhydrous, of a microbicide or an antibiotic. 

10. A water-soluble wound dressing material according 
to any preceding claim in the form of a continuous 
or perforated film. 



25 PatentansprOche 

1. WasserlGsliches Wundverbandmaterial, welches 
umfaBt, in Gewichtsprozent, auf der Grundlage des 
Materialgewichts in wasserfreiem Zustand: 
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2. 



von 5 % bis 50 % eines Alginatesters von 
einem Oder mehreren, mehrere Hydroxylgrup- 
pen enthaltenden C.|-C 6 -Alkoholen; 

von 50 % bis 95 % eines Feuchthaltemittels, 
bestehend aus einem oder mehreren, eine 
Hydroxylgruppe enthaltenden Oder mehrere 
Hydroxylgruppen enthaltenden C 1 -C 6 -Alkoho- 
len; und 

von 0 % bis 30 % Wasser. 

WasserlOsliches Wundverbandmaterial nach 
Anspruch 1, wobei der Alginatester Propylenglykol- 
alginat umfaBt. 



3. WasserlOsliches Wundverbandmaterial nach den 
Anspruchen 1 oder 2, wobei der Veresterungsgrad 
des Alginatesters von 35 % bis 95 % ist. 

4. WasserlOsliches Wundverbandmaterial nach den 
Anspruchen 1 , 2 oder 3, wobei das Feuchthaltemit- 
tel Glycerin oder Propylenglykol umfaBt. 

5. WasserlOsliches Wundverbandmaterial nach einem 
vorangehenden Anspruch, wobei das Material von 
10 Gew.-% bis 25 Gew.-%, auf der Grundlage des 
Materialgewichts in wasserfreiem Zustand, des 
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Alginatesters umfaBt. 




EP0613 692B1 



6. Wasserl6sliches Wundverbandmaterial nach einem 
vorangehenden Anspruch, wobei das Material von 
65 Gew.-% bis 90 Gew.-%, auf der Grundlage des 
Materialgewichts in wasserfreiem Zustand, des 
Feuchthaltemittels umfaBt. 

7. Wasserldsliches Wundverbandmaterial nach einem 
vorangehenden Anspruch, wobei das Material von 
5 Gew.-% bis 15 Gew.-% Wasser umfaBt. 

8. WasserlQsliches Wundverbandmaterial nach einem 
vorangehenden Anspruch, welches weiterhin bis zu 
25 Gew-%, auf der Grundlage des Materialge- 
wichts in wasserfreiem Zustand, eines Cytokins, 
Collagens Oder Chrtins umfaBt. 

9. Wasserldsliches Wundverbandmaterial nach einem 
vorangehenden Anspruch, welches weiterhin bis zu 
2 Gew.-%, auf der Grundlage des Materialgewichts 
in wasserfreiem Zustand, eines mikrobiziden Mit- 
tels Oder eines Antibiotikums umfaBt. 

10. Wasserldsliches Wundverbandmaterial nach einem 
vorangehenden Anspruch in der Form eines konti- 
nuierlichen oder perforierten Films. 

Revendications 

1. Un pansement pour blessures soluble dans I'eau 
comprenant, en masse, rapports k la masse du 
pansement k TStat anhydre : 



selon Tune quelconque des revendications prScS- 
dentes. dans lequel le pansement comprend 10 % 
k 25 % en masse, rapports a la masse du panse- 
ment, k T6tat anhydre. de Tester d'alginate. 

5 

6. Un pansement pour blessures soluble dans I'eau 
selon Tune quelconque des revendications prScS- 
dentes, dans lequel le pansement comprend 65 % 
k 90 % en masse, rapports k la masse du panse- 

w ment, k I'Stat anhydre. de Tagent humidrfiant 

7. Un pansement pour blessures soluble dans I'eau 
selon Tune quelconque des revendications pr6c6- 
dentes. dans lequel le pansement comprend 5 % k 

15 1 5 % en masse d'eau. 

8. Un pansement pour blessures soluble dans I'eau 
selon Tune quelconque des revendications pr6c6- 
dentes. comprenant en outre jusqu'& 25 % en 

20 masse, rapports k la masse du pansement, k I'Stat 
anhydre, d'une cytokine, d'un collagfcne ou d'une 
chitine. 

9. Un pansement pour blessures soluble dans I'eau 
25 selon Tune quelconque des revendications pr6c6- 

dentes. comprenant en outre jusqu'd 2 % en 
masse, rapports k la masse du pansement, k I'Stat 
anhydre, d'un microbicide ou d'un antibiotique. 

30 10. Un pansement pour blessures soluble dans i'eau 
selon Tune quelconque des revendications prScS- 
dentes. se prSsentant sous forme d'un film continu 
ou perforS. 



5 % k 50 % d'un ester d'alginate d'un ou de plu- 
sieurs alcool(s) polyvalent(s) en C r C 6 ; 



35 



50 % k 95 % d'un agent humidrfiant constituS 
d'un ou de plusieurs alcool(s) polyvalent(s) ou 
monovalent(s) en C r C 6 ; et *o 



0%^30%d'eau. 



2. Un pansement pour blessures soluble dans I'eau 
selon la revendication 1, dans lequel Tester d'algi- 45 
nate comprend de ('alginate de propylene glycol. 

3. Un pansement pour blessures soluble dans Teau 
selon la revendication 1 ou 2, dans lequel le degrS 
d'estSrification de Tester d'alginate est compris so 
entre 35%et95%. 



4. Un pansement pour blessures soluble dans Teau 
selon la revendication 1, 2 ou 3, dans lequel Tagent 
humid'rfiarrt comprend du glycerol ou du propylene 55 
glycol. 

5. Un pansement pour blessures soluble dans I'eau 
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